Summary. Heterogeneous populations of developing mouse spermatozoa were isolated from the seminiferous tubules and suspended in media of varied ionic composition. Tracer-flux analysis showed that PNa/PK in developing spermatozoa is 0\m=.\7which is relatively high and that permeability of the cells to potassium and sodium is dependent on the ionic concentration of the medium.
Introduction
One of the current major questions in reproductive biology concerns the cellular events that lead to differentiation of the spermatozoon to the mature motile condition. During differentiation, striking variations occur not only in cell shape but also in the ionic composition of the developing spermatozoa and their surrounding media, specifically in the ratio of sodium to potassium (Cragle, Salisbury & Muntz, 1958) .
The membrane potential (Em) of cells isolated from mouse testis is dependent on both sodium and potassium concentration gradients (McGrady, 1979) . Cuthbert & Wong (1975) postulated a relatively high permeability ratio of sodium to potassium (PNa/PK) based on their study of membrane potential in rat seminiferous tubules. Wong (1976) studied uptake of 22Na into rat seminiferous tubules and found that entry of sodium occurs rapidly and by simple diffusion. Chueng, Hwang & Wong (1976 , 1978 showed a significant contribution of sodium as well as potassium to membrane potential of rat epididymal epithelial cells. Zimmerman et al (1979) studied the uptake of Na+ and K+ in boar epididymal spermatozoa and suggested that caput cells are more permeable to sodium than are those from the cauda or in the ejaculate. In ejaculated bull spermatozoa the Em was dependent on the intracellular-extracellular potassium ratio (McGrady & Nelson, 1972 . In ejaculated boar spermatozoa the uptake of 42K was relatively rapid, whereas movement of 22Na was slow (Crabo, Zimmerman, Moore & Thornbourgh, 1976) . Permeability changes concurrent with development may exist in spermatozoa; specifically, the ratio PNa/PK appears to decrease as cells progress from the testis to the epididymis and finally to the ejaculate.
The present paper explores fluxes of potassium (42K) and sodium (22Na) in a heterogeneous population of cells isolated from mouse testes.
teased into a control medium with the following composition (mmol/1): fructose, 40; KC1, 50; NaHC03, 35: Na2HP04· H20, 1-8; MgS04, 1; NaCl, 69-2. This is a synthetic medium similar in composition to free flow medium (defined as that obtained by micropuncture of seminiferous tubules (Tuck, Setchell, Waites & Young, 1970) (Voglmayr, White & Quinn, 1969; O'Donnell & Ellory, 1970 Romrell, Bellvé & Fawcett (1976 (Steinberger, 1975 Tracer-flux measurements The supernatant was decanted and the pellet resuspended in 3 ml of control or experimental medium. For efflux experiments, cells were preloaded for 1 h in labelled control medium containing 10 µ 42K/ml or 5 µ 22Na/ml (New England Nuclear, Boston, Massachusetts, U.S.A.). Specific activity was maintained constant at changing K+ and Na+ levels. The cells were centrifuged at 1200 g for 10 min and washed once in non-radioactive medium (containing 109 mM-Na+ and 50 mM-K+). The cells were resuspended in the control medium or in one of the experimental media, and 25 or 50 ul aliquots of cells were taken with calibrated micropipettes at predetermined time intervals. Protein was precipitated by the addition of 0-5 ml 20% trichloroacetic acid. The samples were homogenized and centrifuged for 20 min at 2000 g, and the supernatant was decanted and added to a scintillation cocktail. The amounts of 42K and 22Na
were measured with a Beckman Biogamma Counter, and background counts were subtracted. Corrections were made for 29% extracellular space as determined previously using [3H] inulin (McGrady, 1979) . This value is close to that (21%) used by Wong (1976) .
For the uptake experiments, the cells were incubated for various times in labelled control or experimental media containing 10 µ 42K/ml or 5 µ 22Na/ml. Aliquots of cells were removed, washed with non-radioactive control medium and treated as described above for efflux experiments.
Influx of potassium was also studied by cellular uptake of 42K in the presence of various concentrations of ouabain. Influx of sodium was determined by uptake of 22Na. Although the flux measurements were made on a heterogeneous population of spermatogenic cells, previous electrophysiological analysis showed no difference in Em (which in turn depends on the concentration of potassium and sodium) between the spermatogenic cells.
Calculations
The assumptions underlying these calculations derive from Hodgkin & Katz (1949) , Solomon (I960) , Tupper (1972) and Tupper & Powers (1973) .
The data from 42K efflux was plotted as: 
(Na)0 VF/RT where F is the Faraday, 96500 C/mol; R is the gas constant, 8-3 J/degree mol; and is the absolute temperature in degrees Kelvin, i.e. 297 K. Values for V, K¡, Na,, K0 and Na0 were determined by electrophysiological and flame photometric techniques as reported previously (McGrady, 1979) . Since passive diffusion is driven by the electrochemical gradient and both the chemical and electrical components will vary with varying K0 and Na0, the values previously determined were used in all the calculations as appropriate.
Results

Flux of42K
The uptake of 42K in control and ouabain-modified media is shown in Text- fig. 1 (McGrady, 1979) Em = -4-6±0-3mV The presence of 5 mM-Ca2+ decreased uptake of 22Na by approximately 30%. Decreasing extracellular sodium (50 mM-Na) produced a decline in 22Na uptake of 20% at equilibrium. The rate constant (&,) of the influx of sodium was determined from the slope of the plot of Equation 3 (Text- fig. 3, insert) . PNa was calculated from Equations 4 and 6, and was 4-2 10~6 cm/sec in control medium (Table 1) . Decreased sodium and addition of calcium lowered 22Na influx (Table  2) . Efflux of 22Na from preloaded cells was measured in control medium and in sodium-free medium (Text-fig. 4 ). Considering time zero as 100%, 10% of the intracellular labelled sodium Text- fig. 4 . Efflux of 22Na from preloaded cells into control (109 mM-Na+) and sodium-free medium (Tris replaced sodium; potassium and chloride remained constant). (Peterson, 1976) . In non-excitable cells, however, the Em is usually less negative, cell membrane resistance is less and relative permeability to sodium is higher than in excitable cells (Williams, 1970) . Accordingly, in mature (bull), epididymal (rat) and developing (mouse) spermatozoa, membrane potential and cell membrane resistance were relatively low compared to values for excitable cells (McGrady & Nelson, 1972 Cuthbert & Wong, 1975; Cheung et al, 1976 Cheung et al, , 1978 McGrady, 1979) . In mature spermatozoa, potassium was the major contributor to Em, with secondary influences due to sodium and chloride. The cell membrane was permeable to all three ions whose intracellular concentration could be manipulated by changing the external concentration (McGrady & Nelson, 1972 (Cuthbert & Wong, 1975; McGrady, 1979) Wong (1976) and Reisin & Cereijido (1969) studied 22Na uptake by rat seminiferous tubules but did not calculate the permeability constant. The present work corroborates their findings that decreasing external sodium decreased 22Na uptake; the uptake curve over the first 20 min is similar. The presence of calcium as well as the extracellular sodium concentration affected PNa (Table 2) .
Data from other cell systems indicate a relationship between membrane permeability and development. In echinoderm embryos (Tupper & Powers, 1973) and in embryonic heart cells (DeHaan, 1970) , the permeability to sodium declines with maturation. Developing sperm cells, whether spermatocytes or spermatids, appear to be responsive electrophysiologically to both sodium and potassium, and membrane permeability is dependent on the ion concentration of the medium. Nevertheless, differentiating spermatozoa maintain homeostasis while challenged with the variations in the Na :K ratio that occur in the reproductive tract (Tuck et al, 1970; Wyker & Howards, 1977) . In mature ejaculated spermatozoa (McGrady & Nelson, 1972 , sensitivity to sodium was less apparent, with potassium clearly being the dominant ion. Zimmerman et al (1979) found that caput spermatozoa responded more strongly to sodium than did cauda or ejaculated boar spermatozoa.
